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PO3BIP MPUHLMIIIB POBOTH PEAKTUBHOI'O IIPOTPAMYBAHHS HA OCHOBI
MOBM JAVA TA SPRING BOOT ®PEVIMBOPKY YV NOPIBHSIHHI I3 OCHOBHUMMU
MIIXOJAMM JIO PO3POBKH JJOJATKIB

Y crarTi onvcaHi Ta npoaHasi30BaHi - 3arasibHOMPUUHATI Criocobu po3pobku BE CEPBICIB Ta  IXHE OPIBHAHHS 40
PEAKTUBHOIO rporpamMyBaHHs Ha OCHOBI MOBY NporpamMyBaHHs Java 1a Spring Framework. HaBeaeHi rpuknagm imniemeHTadii' ycix
TDBOX 1IAX0AIB. TaKOX OIMUCAHI MPUHLMITU POBOTU OCHOBHUX KOHCTDYKUIY PEaKTUBHOIO POrpamMyBaHHs Ha MOBI Java.
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ANALYSIS OF THE PRINCIPLES OF REACTIVE PROGRAMMING BASED ON THE
JAVA LANGUAGE AND THE SPRING BOOT FRAMEWORK IN COMPARISON
WITH THE MAIN APPROACHES TO APPLICATION DEVELOPMENT

This topic is relevant because modern systems need to handle large volumes of data, load balancing, easy expansion and
small amounts of resources on the cloud. Load balancing requires an increase in the resources used at the haradware level, but this
s only a temporary solution unless changes are made to improve it at the code level. The need today is not just to get an even
result, but to get it quickly with the least amount of resources used. The biggest problem with the performance of BE applications is
the inefficient use of threads at the server level. During the execution of one thread, there are moments when it is idle waiting for a
response from various auxiliary resources or the database. This time can be effectively used for lossless information processing to
perform the main functionality of the stream.

Reactive programming is built around two structures, Mono<T>[1] and Flux<T>. When Mono<T> is executed, all
depicted events occur in one thread, the operator processes the object and returns it to the Subscriber object. Returns an error on
error. The principle of operation of Flux<T> is identical to the operation of Mono<T>, the only difference is the number of objects
that are processed. Both constructs implement methods Publisher and CorePublisher, which inherits from Publisher. These
abstractions contain only one method subscribe(CoreSubscriber<? super T> subscriber). This method is called only when calling a
method that returns a Mono<T> or Flux<T> object. From which we can conclude that using a reactive approach to writing logic,
we subscribe to the result of the execution of the method. In this way, it is possible to track when a method is waiting for a result
and requires a thread to continue executing logic. This approach is implemented according to the Observer pattern principle.
Reactive programming also uses a pattern like the Interator to get a thread to execute the next method or functionality that doesn't
necessarily belong to the user thread. In this way, the framework allows not only to provide a thread to execute when the wait is
over and we have a result, but also to free up that thread to execute other methods that do not require waiting.

Reactive programming is a design approach that uses asynchronous programming logic to execute code. Reactive
applications that are non-blocking by design and allow the application to scale with a small fixed number of threads and lower
memory requirements, while making the best use of available computing power. This sets it apart from the user thread blocking
approach and the asynchronous approach to data processing, which either block the thread without effectively using it.

Keywords: reactive programming, application, BE, thread, subscribe,

I[HocranoBKka npod.1eMH y 3arajibHOMY BUIJISIAI
Ta ii 3B’f130K i3 BA2KJINBHMH HAYKOBUMH Y¥ NPAKTHYHUMH 3aBAAHHSIMHI

[Tpn po3polui KOMIUIEKCHHX Ta PECYpCOBHTPATHHX pIillleHb JUId Majioro Oi3Hecy uM start-UP-TIB 4acTo
BUHHMKAE NOTpeOa BUKOPHUCTAHHS ICHYIOUMX PECYpCiB 13 HaHOINIbIIOW e(pEeKTUBHICTIO Oe3 301JbLICHHS arnapaTHUX
MOXIIMBOCTEH cepBepa. Hanpukiam, BianmpaBka emeiniB, 30epekeHHs QailiiB, pemaryBaHHS Bif€o, TOIIIO.
OmnucaHuii miaxi MOBHICTIO BHUPIMIYE II0 MPOOJIEeMy Ta HaJla€ MOKIMBOCTI 00poOkH Oipmmx 00’eMiB iH(pOpMarii
0e3 301IbIIEHHS amapaTHUX MOXKITUBOCTEH.

OxpeMO MOXXEMO BHIUINTH BHMOTH, IO MOTPEOyIOTH NPOCTOTH B IMIUIEMEHTAIii Ta OIMCAaHHSI
JToKyMeHTarii. s CIpoIieHHs po3yMiHHS MPOOJieMH y CTaTTi OyAe po3risHyTo OyJe PO3TISAHYTO MiAXifa, SKHi
YaCTKOBO BHpiIIye MpoOIeMy MUIIXOM ACHHXPOHHOTO BHKOHAHHS KOXIy, IO € YacTKOBO edekTuBHO, ane i3
BUKOPHUCTAHHIM CKJIQJIHOT IMITJIEMEHTaLl]i.

AHaJi3 1ocaigxenb Ta Nyoaikamii
BukopucraHHs peakTHBHOIO IPOrpaMyBaHHS B CHUCTEMax i3 BEJIMKMM HABaHTaKEHHSAM 3]e0UIBIIOro
ACOIIOETHCS 13 TIEBHUMH TIepeBaraMy MOPIBHSIHO 13 OJIOYHHMH PEKBECTaMH Ta ACHHXPOHHHUM IPOTPaMyBaHHSM|[2-
3]. PeakTuBHiI cucTeMH MarOTh BaXXJIMBE NMPAKTHYHE 3aCTOCYBAHHS Yepe3 CBOIO CIIPOMOXKHICTH HETAHHO pearyBaTé
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Ha ToJIii Ta 3MiHM Yy peabHOMY 4aci. [le 3a0e3nedye cucTeMu, 0 Ba)KIMBO IS KOPUCTYBAUiB Ta JUIs CIIEHAPIiB, 1e
KO’KHA 3aTPUMKa HETIPUHHSITHA.

OHI€I0 3 KJIIOYOBHX IEpPEBAr PEaKTUBHOTO MPOTPAMYBaHHS € MOXIHUBICTH OOPOOKH MOl aCHHXPOHHO,
IO JI03BOJISIE YHUKATH OJIOKYBAaHHS MIOTOKY BUKOHAHHS. Y TOPIBHSIHHI i3 OJIOUHUMHU 3alUTaMH, J€ ONepalii MOXKyTh
YeKaTH 3aBEPIICHHS OJIHA OJTHOI, PEAKTUBHI CHCTEMH MOXYTh 00p00JIsITH OaraTo onepaniii napanensHo. [le poouts
iX e(EeKTUBHIIMMH B YMOBaxX BHCOKOTO HABAaHTAXCHHSA Ta JO3BOJISE BUKOPHUCTOBYBATH PECYpPCH OLIBII
onTuMaiabHO[3].

Kpim TOro, peakTHBHE MPOrpaMyBaHHs CIIPHsIE CTBOPCHHIO CHUCTEM, SIKI MOXYTb JIETKO MacCIITa0yBaTUCS.
3IaTHICTh peaKTUBHUX CHCTEM aJalTyBAaTHCS A0 301TbIICHHS Y1 3MCHIIICHHS HaBAaHTAXXCHHS JO3BOJISIE 3a0€3IIeUUTH
cTabinbHy Ta epeKTHBHY POOOTY CHCTEMH B yMOBaX 3MiHIOBAaHHMX OOCSTIB JaHUX Y KOPUCTYBAIBKOTO Tpadiky.

DopMmyTI0BaHHSA 1ijieil cTaTTi
Metoio podoTu €: J{ocHianTH IPUHIIUIHE POOOTH PEaKTUBHOTO MIPOTPaMyBaHHA y MOPIBHAHHI i3
3araJbHONPUHHATUMH i JIXOJaMH.

BuxJiag ocHOBHOT0 MaTepiany
Ll Tema € axkTyaJbHOI, OCKUIBKM CydYacHI CHCTEMH IOBWUHHI O0pOONSATH Benuki 00'eMU JaHUX,
OajaHCyBaHHS HaBaHTa)XKEHHs, JIETKOTO PO3LIMPEHHS Ta Mayloro 00'eMy pecypciB Ha kiayai. bamancyBaHHs
HAaBaHTAXXCHHS BHMarae 301JbLICHHS BHKOPUCTOBYBAaHMX pECypCiB Ha amapaTHOMY piBHI, ajie L€ € TUIbKH
THMYAcOBe pilIeHHs, SKIIO He BHOCUTH 3MiHH IS MOKpAIleHHs Ha piBHI koay.I[loTpeba cboroieHHs 1e He MPOCTo
OTPUMATH PiBHUH pe3yNbTaT, a OTPUMATH HOTO MIBUAKO i3 HAIIMEHIIIOK KIIBKICTIO BUKOPUCTAHUX PECYPCIB.
Haiibinpimoro mpobnemoro edexTuBHOCTI poboTn BE momaTkiB € HeeeKTHBHE BUKOPHCTAHHS MOTOKIB Ha
piBHI cepBepa. Ilix Yac BHKOHAHHSA OIJHOTO ITOTOKY € MOMEHTH KOJIM BiH IPOCTOIO€ B OYiKyBaHHI BiJIOBiIi BiH
pI3HHX HONOMDKHHX pecypciB abo 0asm maHmx. lleil gac MoxkHa e€()EeKTHBHO BHKOPHUCTOBYBATH IS OOpOOKH
iHpopMmanii Oe3 BTpar Ui BUKOHAHHSA OCHOBHOTO (YHKI[IOHajda MOTOKY. PosrisHeMo mpukian Kony i3
BUKOPHUCTAHHSIM OJIOKYyBaHHS IIOTOKIB Ha MOBI Java 3 Bukopuctanusam Spring Framework:
@GetMapping("user/{id}")
public User getUserInfo(@PathVariable final Long id){
final User user = userService.getUserByld(id);
final UserMetaData userMetaData = userMetaDataService.getUserMetaData(id);
user.setMetaData(userMetaData);
return user;
}
Sxmo nmpoaHanizyBaTH BUKOHAHHS TaHOTO KOy Ta 300pa3utH 1e y Burisiai Request diagram (Puc. 1) To
MOJKHA IMOOAYHTH, IO MICIIS JIe TIOTiK OJIOKYETBCS Ta OUIKy€E Ha BiMOBI BiA 0a3W JaHUX, IO HE € KPUTHYHO, SIKIIO
CHCTEMa He € HABaHTAXXCHHIO.
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Puc. 1. Request giarpama po6oTu cepBgicy i3 6,10KyBaHHS IIOTOKIB

Ie yac MOXHa BUKOPHCTATH JUIsl BAKOHAHHS IHIINX (QYHKIIH, a00 JUIs pO3BaHTa)KEHHS BaXKKHX OIIEpariii
SKi BUMaraloTh 0arato pecypcis cepsepa. [IpobneMy i3 Hee()eKTHBHIM BUKOPHUCTAHHSIM IIOTOKIB MO’KHA BUPIIIUTH
3a JIOTIOMOTOI0 aCHHXPOHHOTO BUKOHAHHS onepaniii 1 00'efHaHHs iXHBOTO pe3yibTary. PosriissHeMo npukiiaa Koay
Ha MOBi Java i3 BUKopucTaHHAM Spring Framework:

@GetMapping("user/{id}")

public User getUserInfo(@PathVariable final Long id){
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final CompletableFuture<User> userAsync = CompletableFuture.supplyAsync(() ->
userService.getUserInfo(id));

final CompletableFuture<Preferences> metaDataAsync = CompletableFuture.supplyAsync(() ->
userMetaDataService.getUserMetaData(id));

final CompletableFuture<Void> userMetaDataAsync = CompletableFuture.allOf(userAsync,
metaDataAsync);

userMetaDataAsync .join();

/lreturn user object

final User user = userAsync.join();

final UserMeTaData userMetaData = metaDataAsync .join();

user.setMetaData(userMetaData );

return user;}

VY naHOMy NpUKIai BUKIMKH BUKOHYIOTHCS HapajebHO, ajle 3pelTor 00’ eqHanHs pe3yibraty getUser()
y getUserMetaData() 610KyeThbes, TOKH He Oyie OTPEUMAaHO BIITOBII Bil 000X BUKIUKIB. BiAMOBIAHOCTI e)eKTHBHE
BUKOPHCTAaHHS JIBOX JOYIPHIX TOTOKIB Ui BHKOHaHHs oOIllepaiild, ane J0ci MPUCYTHE OJIOKYBaHHS OCHOBHOTO
MOTOKY. B tojjauy 10 bOro CKJIaaHiCTh B pO3yMIHHI KOAY Ta BIJICYTHSI IPOCTOTA Y UNTAaHHI TAKOTro Koay[4].
Main thread getUserByid () getUserMetaData ()

Thread Thread
Waiting Execution Execution
v w

Merging res uksl

Return result
Puc. 2. CxemaTuuHe 300pakeHHs] ACHHXPOHHOI Po00TH cepBicy

PosrnsHeMoO mpuKIaa iMIIeMeHTallii Ta poOOTH KOIy i3 BUKOPUCTAHHIM PEaKTHBHOTO MPOTPaMyBaHHA Y
MOBI nporpamyBaHHs Java ta Spring Framework:
@GetMapping(“user/{id}")
public Mono<User> getUserInfo(@PathVariable final Long id ){
return userService.getUser(id)
.ZipWith(userMetaDataService.getUserMetaData(id))
.map(row -> {
final User user = row.getT1();
user.setUserMetaData(row.getT2());
return user;
D;
}

Skmo 300pa3uTy BUKOHAHHS [ILOTO KOAY Ha Jiarpami TO MM 00a4MMO TaKy KapTHUHY:

Main thread

Execution getUserld() +
Execution getUserMetaData()+
Merging reuts

v
Return result
Puc. 3. CxemaTruune 300pakeHHsI pOOOTH PeaKTHBHOIO 10/1aTKa
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Ha puc. 3 Bci onepartii BUKOHYIOTBCSI B OJHOMY TIOTOIIi, 6€3 mpocToroBaHHsl. Lle TOCATHYTO 3a JOITOMOTOI0
YHUKHEHHS OJIOKYBaHHS [TOTOKY Ha MOMEHTI O4iKyBaHHS BIANOBifl Ha 3amuT 10 0a3M JaHuUX, SIK 300paKeHO Ha PHUC.
1 i BuKOpHCcTOBYBaTH Lieil yac Juisi nmouaTky BukoHaHHs getUserMetaData() merony, SIKMi BCTHI'HE HMPOWTH IO
BJIACHOTO 3alUTy A0 0a3u JaHMX i NOKHW BiH OyJe Ha HHOTO OYIKyBaTH, IEPLIMH METOJ 3aBEPIINTh CBOE BUKOHAHHS
OTPHMABIIH BiINOBiZb Ta MOBEPHE MOTIK JUIS APYrOro METOY, KU CBOEIO Yeproro Bxke Oy/e MaTH BiANOBIIb Bl
6a3u JaHuX.

B3siBumn 1o yBaru BUIIE 3rajaHi NPUKIAAN Ta TOPIBHATH €(EKTHBHICTH BUKOHAHHS IOTOKIB, TO MOXKHA
3poOUTH BHCHOBOK, II0 PEAKTHBHUH MiAXix € HalOimbpIm e(eKTHBHUM 3 yCiX 3aragHux. BapTo Takox mam’sTaT,
mpo Te, M0 Med MmiaXix € HaWOuThIn epeKTHBHUM NpH 0OpOoOIl BEIWKHX 00’€MIB MaHWX, SKIIO0 CHCTEMa HE
nependavae mpOro, TO HE BapTO 3JIOBXKHBATU IIMM, OCKUIBKH II€ MOXE BIUIMHYTH Ha NOTOYHY NPOXYKTHBHICTB
JOJIaTKa B TipIIy CTOPOHY, OCKUTBKH Yac Ha 0OpoOKy MOTOKIB Ta iXHE MEepeKUIaHHA MK 3aBIAaHHAM 3aiiMae dgac Ta
pecypcH.

SIKmo BM TOMITHIN, OCTAaHHIM HPUKIA] KOy BHKOPHCTOBYE KOHCTpYyKHifo Mono<T> (puc. 4), mo €
OJTHIEI0 13 JBOX OCHOBHHUX KOHCTPYKWIH pe3y/ibTaTy BHUKOHAHHS pPEaKTHBHOrO MeToay. Ll KoHcTpykmis
BUKOPHCTOBYETBCSL JUIsl OOPOOKHM OIMHUYHOTO pe3ysbTaTy BUKOHaHHS Merony(0 - 1) , ToOTO MeToj NOBHHEH
MOBEPTATH OJMH 00'€KT 3a OJTHC BUKOHAHHS. TakoX BUKOPUCTOBYEThCS KOHCTPYKIIist Flux<T>(puc. 5) amns 06pobOku
pe3ynbTary, KUl MpeACTaBICHUN KOJEKIi€w, TOOTO ofauH i Oinbire 00'ekT 3a oxHe BukoHaHHSA MeToay(0 - N).
Po3risiHeMo npuHIUIK pOOOTH IIUX TBOX KOHCTPYKII:

Mono

BeprurancHa IiHI pelpezeHTYE JaKIHICHHA

o
Koo penpezentye ommm o6 exT CIOHCKY O0'€KTiE 1 2aKiHIeHHA EHKOHaHHA Flux<T>

operator() ... [T eommmsee---m---

Omnepatop Moke OYTH Oyap-aKHH 13
JOCTYIIHHX I EHKOHAHHA 3 JaHunvu Mono<T>=

PenpeseHTye MOMHIKY, AKa EHHHEIA B PE3YABTATI
200 mi7 9ac EHKOHAHHA oNeparopa

Puc.4. CxemaTtu4ne 3006paxenns poooru Mono<T> koHcTpykmii

ITpu BukoHanHi Mono<T> Bci 300paxkeHi momii BiAOYBalOTHCS B OJHOMY IOTOIl, OmepaTop o0poOsse
00’€eKT Ta rmoseprae ioro 10 06’ekty Subscriber. Y BUNa Ky TOMHJIKH NOBEPTA€E TIOMUIIKY.

Flux

Bepraransna TiHiq penpeseHTyE SaKiHIeHHES

. , CHHCKY 00'eKTiE 1 2aKiHgennd EHMroHanHg Flux=T>
Kono penpezentye oqus 0d'ext

operator() ...

Oneparop Moxe OyTH OyAE-2KHH i3
AOCTY BHKOH 2 1 FLux<T> Penpezentye IOMHIIKY, AKa BHHHKIA B Pe3yIETATL
200 I/ 9ac EMKOHAHHA OIepaTopa

Puc. 5. Cxemarnune 300pakennsi po6oru Flux<T> xoncTpykuii

TTpuanun po6otu Flux<T> igertnynuii 10 podotn Mono<T> eauHa BiAMIHHICTH 1€ KUTBKICTh 00'€KTIB,
aKi 00pobmstoThest. OOnABI KOHCTPYKLIT iMmIeMeHTyoTh Metonu Publisher ta CorePublisher, sikuit HacmigyeTbes
Bixm Publisher. Ii abctpakimii MictaTs Timbku oguH MeTo[ subscribe(CoreSubscriber<? super T> subscriber). Lleit
METOJ BUKJIMKA€ETHCS TUTBKH TPH BUKIUKY MeTOAy Akuii moBeprae Mono<T> a6o Flux<T> o6'ext. 3Bimku Mo)kHA
3pOOHUTH BHUCHOBOK, IIO BHUKOPHUCTOBYIOYM DEAKTMBHUH MiJIXiJ O HalWCaHHS JIOTIKM MM IANKCYyeEMOCS Ha
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pe3yJIbTaT BUKOHAHHA METONYy. Y TaKWil CIOCI0O MOMKIIMBO BiJICTEXKYBAaTH, KOJHW METOJ CBO€ OYiKyBaHHS Ha
pe3yJbTaT i BUMArae moToKy JUis MPOOBKEHHsSI BUKOHAHHS JIoTikU. L[eil miaxif iMIIeMEHTOBAHUHA 32 TPUHIIAIIOM
Observer maTepHy. Y peakTHBHOMY MpPOTpaMyBaHHI TaK0XX BHUKOPHCTOBYETBbCS TaKWi maTepH, sk Interator s
OTPUMAHHS TMOTOKY JUIs BHUKOHAHHS HACTYIHOTO MO 4Yep3i MeToay, abo (YHKIOHaNy, SKHid He OOOB'SI3KOBO
HAJICXKHUTH JI0 KOPUCTYBAIBKOTO TOTOKY. Y Takuil cmocid (GpeiiMBOpK MO3BOJSE HE TUTBKM HaJaBaTH MOTIK IS
BUKOHAHHS KOJH OYiKYBaHHS 3aKiHUWJIOCS Ta Y HAC € Pe3yNIbTaT, a TaK0X 3BUIBHATH LEH IMOTIK A1 BUKOHAHHS
IHIIIX METO/IIB, SIKi HC BUMArarOTh OUiKyBaHHI.

BHCHOBKH 3 JaHOT0 AOCTIZKEHHS i MepCNeKTHBH MOJANBIINX PO3BIIOK Y JaHOMY HANPAMi

PeakTnBHE nporpamMyBaHHS — L€ HiIXiA IO MPOEKTYBAaHHS, KU BHKOPHCTOBYE JIOTIKYy aCHHXPOHHOTO
NpOrpaMyBaHHs Ul BUKOHAHHA Koxy. PeakTwBHI monaTky, fKi 3a CBOEIO CTPYKTYPOIO He OJOKYIOTh BUKOHAHHS
MOTOKY 1 HAJAIOTh MOXKIIMBICTh MacIITaOyBaTH TOJATOK i3 HEBEIHKOIO (iKCOBAHOO KiNBKICTIO TIOTOKIB i MEHIIIMMHA
BUMOT'aMH JI0 T1aM’sITi, BOXHOYAC HAHKpaIiM YHHOM BHKOPHCTOBYIOUH JOCTYIHY OOUYHCIIIOBAJIbHY MOTYXHICTB. Lle
BUJIIJIIE HOTO cepel Mimxonay i3 OJOKYBaHHS KOPHUCTYBALbKOTO IOTOKY Ta aCMHXPOHHOTO IIJAXOJY 0 0O0poOKH
JIaHUX, SIKI B OyJb-IKOMY BHIJIKy OJIOKYIOTH NMOTIK 0e3 e(eKTHBHOrO HOro BUKOPUCTaHHA. AJle TaKOX HE BapTo
3JI0B)KMBATH 1IMM MiJX0JI0M Yepe3 Horo CKIIagHicTh poOOTH Ha piBHI HpeHMBOpKY.
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